Introduction
In this chapter, we will analyze and discuss the differential diagnosis of the pediatric corneal infiltrate. The pediatric corneal infiltrate will be defined as acquired, nontraumatic, scarring in infants and children less than 18 years of age. It will not include any congenital or traumatic causes of corneal infiltrates or scarring. This subject is timely and important to present because there has been very little work recently published in the literature on this topic.
Text of review
Acquired corneal infiltrates in children can be due to inflammatory causes, allergic conditions, infectious diseases, or metabolic and degenerative entities. For a clinician examining these patients it is important to know which are the most frequent and most severe, so that early recognition and treatment can prevent loss of vision and avoid the need for corneal transplant surgery (CTS). Through a retrospective review of all pediatric corneal transplants performed over the last 16 years, I identified nearly 200 children who had corneal transplants. Of this group, 70% were due to congenital disorders, 6% were due to trauma, and 24% were due to acquired nontraumatic disorders. A similar distribution of the indications for pediatric CTS has recently been reported [1, 2 ] . Analyzing the causes of corneal transplants in acquired nontraumatic disorders should give us insight into the most important causes of pediatric infiltrates and scarring. Amongst the acquired nontraumatic disorders, there were three diseases that most frequently led to CTS: keratoconus, bacterial keratitis, and herpes simplex keratitis. These three diseases made up nearly 80% of the children with acquired nontraumatic reasons for corneal transplants. It is, therefore, reasonable to assume that the most common causes of pediatric corneal infiltrates and scarring would be these three diseases.
Pediatric keratoconus
The disease is generally thought to begin in puberty, but cases have been described in children as young as 7 years of age. It is an underdiagnosed condition and can initially present with corneal striae, corneal scarring ( Fig. 1) , hydrops ( Fig. 2) , and irregular astigmatism. The disease should be considered in any child (especially teenagers) that presents with corneal scarring associated with irregular astigmatism. The sudden appearance of corneal edema in a child may be acute hydrops, which can be the first presenting sign of keratoconus.
In my review, the average presenting age of pediatric keratoconus was 15 years [2 ] . Hydrops was the initial presenting sign in nearly one quarter of cases of pediatric keratoconus. The corneal edema in acute corneal hydrops does not resemble an infiltrate; however, after resolution of the hydrops, the cornea can be left with central stromal corneal scarring which can mimic an old, resolved corneal infiltrate. In 90% of children with keratoconus, the disease is bilateral; therefore, examination of the contralateral eye shows irregular astigmatism, irregular keratometry, and topographic changes consistent with keratoconus.
Purpose of review
To highlight the most important causes of acquired corneal scarring and infiltrates in children. The lack of recognition of these disorders can lead to long-term visual loss in children.
Recent findings
There have been few articles on this topic in the recent ophthalmic literature, but all have stressed the need for early diagnosis and treatment of these diseases.
Summary
The most important causes of corneal scarring or infiltrates in children are keratoconus, phlyctenulosis, and herpes simplex keratitis. The treatment of these patients is straightforward. Glasses or usually rigid gas permeable contact lens are tried first. If hydrops is present it can be treated with topical corticosteroid/antibiotic drops. Once the hydrops resolves CTS is often necessary in that eye. Our work showed, however, that these children have more severe disease than adults and require CTS soon after they present. We found that the time between presentation and CTS in pediatric keratoconus patients was about 9 months and that one-third of children needed CTS in each eye.
The children did well. There was a 25% incidence of rejection episodes but all cleared with treatment. Ninety percent of children had a best corrected vision more than 20 out of 40; 50% were more than 20 out of 25; two patients had irregular astigmatism causing their vision to be 20 out of 50.
In my experience, therefore, the most frequent reason for acquired corneal scarring in children, especially teenaged children, is keratoconus.
Pediatric bacterial infiltrates
The next group of pediatric corneal infiltrates is bacterialrelated keratitis. These can be either inflammatory or infectious. The inflammatory type of bacterial-related keratitis is also known as phlyctenular keratoconjunctivitis (PKC), chronic blepharoconjunctivitis of children, and pediatric ocular rosacea.
The literature indicates that this is the most common cause of pediatric referrals (though it is not the most common cause of pediatric corneal transplants) to corneal specialists, accounting for at least 15-25% of all children seen in a tertiary pediatric corneal referral center [3,4,5 ,6] . The disease is a noninfectious type IV hypersensitivity reaction to the bacterial (usually staphylococcal) antigen. The findings in this disease are similar to adult staphylococcal lid disease. This disease is usually seen in young, school age children with an average age of 7 years old, though patients can range from 6 months to 16 years of age. The children will frequently present with a chronic blepharitis or recurrent chalazia (Figs 3 and 4) . Facial rosacea is seen in 20-50% of the patients. Patients often have marginal ulcers or phlyctenulosis (Fig. 5) . The disease is poorly recognized by pediatricians and optometrists (the first doctor who the patient and the family will usually interface with) who often confuse it with chronic allergic or viral conjunctivitis. As a result, 65-80% of patients will have corneal scarring (Fig. 6 ) at presentation to the corneal specialist/pediatric ophthalmologist. Because of this delay in referral as many as 25-40% of these children become amblyopic.
Treatment for PKC always consists of topical and oral therapy [7, 8] . The keratitis is treated with 4 weeks of a topical corticosteroid-antibiotic combination. But control of the disease requires long-term oral antibiotics.
Tetracycline cannot be used in children under 8 years of age. They require oral erythromycin. However, when erythromycin is used as an alternative to tetracycline, it has to be given twice a day and can cause significant gastrointestinal upset. Therefore, the best treatment is once daily azithromycin. It is given in a dose of 15 mg/kg a day and the children are on it for 2-3 months. This combination of oral and topical therapy prevents recurrences and usually results in resolution of the corneal infiltrate. Rarely, some children, as seen in the photo, have densely scared corneas and require CTS.
Infectious bacterial-related keratitis, though not nearly as common as PKC, is typically more severe and can result in permanent scarring with a need for eventual CTS. This group of patients falls into two categories -an older group of contact lens (CLS) wearers and a younger group. The CLS wearers present with classic acute bacterial corneal ulcers. These are usually young teenagers (from 13-15 years of age). Their symptoms consist of acute
The pediatric corneal infiltrate Zaidman 263 The younger children with infectious bacterial keratitis are much more problematic. An acute corneal ulcer in a 1-year-old, 2-year-old, or 3-year-old child may not be diagnosed quickly enough by their pediatrician and adequate treatment of a very young child is difficult. In addition to that, because of amblyopia, even successful CTS may not result in good vision.
Pediatric herpes simplex keratitis
Another common cause of acquired corneal infiltrates in children is herpes simplex keratitis. This disease can occur at any age but it is also most common in young school age children [9 ] . The average age is about 6, but cases have been seen in 6-month-old infants and in teenagers. Recurrences are common. On initial presentation, two thirds of the patients present with dendritic or stromal disease (Figs 8 and 9 ). Fifteen to twenty percent of the children present with bilateral disease. As with other causes of pediatric infiltrates, a delay in diagnosis is common.
As the infiltrates seen in herpes simplex virus (HSV) can resemble those seen in PKC, there are some key features that can differentiate between them. Children with PKC have a history of skin, facial, or lid manifestations. Children with HSV may present with dendrites or disciform scarring rather than phlyctenular scarring. Though the yield is low, viral cultures might be positive in HSV. After the diagnosis is made, treatment consists of topical antivirals used for surface disease, and topical corticosteroids for stromal infiltrates or a disciform keratitis. Despite the complications, associated with their use, topical steroids are required to prevent permanent visual loss due to corneal scarring and amblyopia. In addition, chronic oral antivirals are necessary to prevent recurrences. Acyclovir can be used at a dose of 10 mg/kg three times a day or valacyclovir 500 mg twice a day can be used [10] . Children tolerate low dose oral antivirals for years with very few complications. However, the child's pediatrician should be informed and they should decide if periodic blood tests are necessary.
In severe cases of pediatric herpetic corneal scarring corneal transplants can be performed. In my experience, all the children requiring transplants had been followed by nonophthalmologists. This led to delayed recognition and treatment of the disease. All transplants were performed when the disease was quiescent. There was one lamellar graft and five penetrating. Five children ranged from two-and-a-half to 6 years and one child was 12 years old. Final vision ranged from 20 out of 70 to 20 out of 400. Though the corneal transplants did well, the postoperative course was complicated by one child with glaucoma filtering surgery and one child with cataract surgery. Two children have rejection episodes that cleared, but all six eyes were amblyopic.
There are some other causes of pediatric corneal infiltrates. Most of these are not severe enough to cause permanent corneal scarring. In general, these conditions rarely affect vision and become more of a management problem. These include vernal keratoconjunctivitis, Thygeson's Figure 8 Dendritic herpes keratitis Figure 9 Disciform stromal herpes keratitis keratitis, and Lyme disease. Vernal keratoconjunctivitis usually presents at about 6-8 years of age and burns out during late adolescence. Children will typically present with giant papillary conjunctivitis and may have shield ulcers and Horner-Trantas dots. Treatment includes referral to a pediatric allergist and oral antihistamines. Topical treatment can be lubricants, topical corticosteroids, topical antihistamines, and topical cyclosporin.
Thygeson's keratitis is an idiopathic/enigmatic disease that presents with 'white eyes' and a coarse punctate keratitis. It occurs at any age (children and adults); it is marked by remissions and exacerbations and has no effect on vision. Treatment can consist of topical lubricants, steroids, or cyclosporine or nothing and the disease eventually disappears.
Lyme disease can be another important cause of corneal infiltrates in children, teenagers, and adults [11] . It is due to an infection by the Borrelia species after a person has been bitten by the Ixodes deer tick. As a result of the bite, the Borrelia species enters the person's blood stream. Lyme disease will occur in three stages, but Lyme keratitis is only seen in stage 3 Lyme disease. Lyme keratitis (Fig. 10) will typically present as a nummular interstitial keratitis during this stage. If the disease is suspected appropriate serologic testing is performed. (Lyme enzyme-linked immunosorbent assay (ELISA) and western blot) The cornea is treated with topical corticosteroids, which leads to rapid resolution of disease. If the child has never been treated with oral antibiotics then the patient should be comanaged with a pediatric infectious disease specialist. Systemic tetracycline or penicillin, for at least 1 month, is usually required.
There are two metabolic disorders that are causes of acquired pediatric corneal infiltrates. These are vitamin A deficiency and tyrosinemia. Vitamin A deficiency affects over 140 million children worldwide. It is usually due to a dietary deficiency (as may be seen in children with autism or schizophrenia) or lipid malabsorption (children with colitis). Patients will present with photophobia, dry eyes, pain, and eye rubbing and can have corneal haze along with a Bitot's spots. Treatment consists of systemic vitamin A. Tyrosinemia can present with corneal infiltrates that look like pseudodendrites. A typical patient will have recurrent episodes of tearing, redness, and photophobia. They will have been treated with oral and topical antivirals with inconsistent success. Typically, the antivirals will be started, the patient will get better, antivirals will be stopped the patient's disease will recur and eventually antivirals will have no effect on the patient's disease. A diagnosis is made by checking the patient's tyrosine blood level. Tyrosinemia is due to tyrosine accumulating in ectodermal cells in the body. There are two types. Type I, known as hepatorenal disease, is fatal. Type II also known as the RichnerHanhart syndrome consists of a triad consisting of bilateral pseudodendritic keratitis, palmoplantar hyperkeratosis, and mental retardation. Treatment consisting of a diet low in tyrosine leads to rapid resolution and a normal lifespan.
Conclusion
When a child presents with corneal scarring or infiltrates what diseases should an ophthalmologist consider in the differential diagnosis. There are four. If you have a teenager, with irregular astigmatism in the other eye, think of KCN. If you have a teenager who has worn CLS think of infectious bacterial keratitis. If you have a young child (5-7 or younger) think of PKC or HSV. These two diseases can be differentiated by the presence of extraocular manifestations (rosacea, chalazia, blepharitis, etc) in PKC or by dendrites in HSV. It is imperative that ophthalmologists have a greater awareness of these disorders and that our pediatric colleagues and other eye care professionals (such as optometry) have a high index of suspicion when treating children with red eyes. Because children poorly communicate their symptoms, many cases of pediatric corneal disease are more severe in a child than in an adult and a delay in diagnosis or therapy invariably leads to corneal scarring. Early recognition and treatment, with both topical and systemic therapy, can prevent visual loss secondary to scarring and amblyopia, but when necessary CTS has had success in these patients.
